The facts on which this paper are based are largely taken from the recent enquiry, made at the instigation of the British Pediatric Association (Allison et al., 1946; Watkins and Lewis-Faning, 1949) , to try to ascertain the exact incidence of crossinfection in children's wards in hospital. The following definition of cross-infection was used namely: "To denote any infection acquired by a patient in the hospital environment. Clinically it is an infection arising during the course of another illness from which the patient was originally admitted to hospital, and may attack the respiratory tract,-gastro-intestinal tract, wound, scar or mucous membrane, or be manifest as one of the specific fevers." The enquiry covered children in 26 wards in 14 hospitals in Great Britain and the net finding was that of just under 10,000 admissions in 1947 there was an incidence of cross-infection amounting to 7 % of all admissions. The wards were in charge of consultant paediatricians and in the main were located in teaching hospitals. This should therefore imply that 7 % is a minimal figure for the country as a whole.
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DISCUSSION ON HOSPITAL CONSTRUCTION IN THE LIGHT OF CROSS-INFECTION
Dr. A. G. Watkins: The facts on which this paper are based are largely taken from the recent enquiry, made at the instigation of the British Pediatric Association (Allison et al., 1946; Watkins and Lewis-Faning, 1949) , to try to ascertain the exact incidence of crossinfection in children's wards in hospital. The following definition of cross-infection was used namely: "To denote any infection acquired by a patient in the hospital environment. Clinically it is an infection arising during the course of another illness from which the patient was originally admitted to hospital, and may attack the respiratory tract,-gastro-intestinal tract, wound, scar or mucous membrane, or be manifest as one of the specific fevers." The enquiry covered children in 26 wards in 14 hospitals in Great Britain and the net finding was that of just under 10,000 admissions in 1947 there was an incidence of cross-infection amounting to 7 % of all admissions. The wards were in charge of consultant paediatricians and in the main were located in teaching hospitals. This should therefore imply that 7 % is a minimal figure for the country as a whole.
The source of infection is usually that of an infected individual admitted to the ward as a patient or an infected attendant. The severity of infection will depend on the extent of the dose passed on, the virulence of the organism and the condition and age of the host receiving it.
The methods of spread are mainly by droplet infection and by direct contamination by handling infected persons or material. A sneeze is a common way by which droplet infection is conveyed to the air in a ward and so infecting the dust. This contaminated dust and air convey the organisms or virus and their passage is increased by movement such as during the process of ward dusting and bed making. Contamination by handling can readily occur when changing napkins, dressing wounds, or if the attendant's skin is harbouring an infection such as a boil or septic finger.
The problem is then, firstly, to prevent the infected persons from contaminating the air and dust and secondly to prevent the air and dust conveying the infection. In the prevention of the accumulation of dust the architect can be of great help. We have known for years that hospitals should never have corners and all nooks and crannies should be avoided. That is of vital importance, but, in addition, we have learnt and are still learning other techniques to reduce dust. Wet-sweeping of ward floors so that dust is collected in lumps and not dispersed in fine particles is of value and oiling of the floors with spindle or white oil helps considerably although not too popular with matrons. Blankets may be oiled so that dust from them during bed making is reduced but this will require special laundry facilities. There is some evidence that washing baby's woollies in the ward by the nursing staff, which is done to avoid shrinkage by the laundry, may not completely eradicate infection.
Considerable advances are being made in air purification and hygiene (1948) but we have not adopted air-conditioning widely in this country. On a visit to a Children's Hospital in New York it was disastrous to find that the ward had to be closed while the air-conditioning plant was being repaired and that as this was during the very hot weather it was quite impossible to open the ward at all. JuNE-EPIDFM. 1
436'
Proceedings of the Royal Sociey of Medicine 16 Disinfection of the air by aerosols is another method of which we have not a great deal of experience here. The practical difficulty is that the substance to be sprayed may be more irritant to the patient than to the organism and aerosols are best used in air-conditioned rooms.
Ultraviolet-ray screens seem to be valuable and are used quite extensively in the United States and Canada. Their use may avoid infection by way of a swinging door which tends to draw air in from a contaminated corridor. They are expensive to erect but reasonably cheap to maintain.
There is no doubt that good cross-ventilation is one of the most important preventive measures we have to keep air from carrying infection. Plenty of open windows with good balcony space are an excellent insurance against cross-infection. It has been shown that ordinary sunlight has some germicidal effect on the dust in the ward.
If a patient has an infection which is liable to be spread it is obvious that he should be isolated from the rest of the ward, and the habit has grown of recent years of dividing children's wards into cubicles to allow individual isolation. In order to be successful cubicles must imply full barrier nursing and each cubicle must be self-contained with the necessary facilities for washing and for a nurse to keep and change her gown and masks. Cubicles should be erected so that they go up to the ceiling. An eight to ten foot barrier is of little use for several reasons. Firstly, a tall nurse can spray her droplets over the top. Secondly, a child standing in his cot is not always averse to spitting over the top or at least throwing toys over the top. Lastly, it is obvious that air contaminated in one cubicle can pass readily to another unless completely shut out. The only time that a cubicle not reaching the ceiling is at all justifiable is if this is the only means for its ventilation. There is one ever-present danger of cubicles. That is that the nursing staff must not think that because a child is secluded in a cell that the ordinary barrier precautions can be relaxed.
Architects can be of great assistance in the designing of these cubicles and above all they can help to ensure that ward units are not too big. By reducing the number of children into small units nursing is better and easier and cross-infection lessened.
Perhaps the most important aspect of the prevention of cross-infection is in the nurses and their training. By this is meant not only the instructions to wear masks and gowns but also training by special education, special lectures and demonstrations so that the nurse can really understand why these seemingly finicky regulations are essential.
There is one nursing danger which seems to be difficult to solve and that is the usual shortage of nurses during night duty. So often one finds that at night one or two nurses are expected to deal with the same number of babies as six or more nurses do during the day; no wonder that minor details of barrier nursing and general precautions tend to get neglected.
Masks should be worn by all who come in contact with small babies-by the doctor no less than the nurse. The mask, however, must be effective and must contain an impermeable layer. It is uncomfortable to wear, particularly when talking to students, but there is no question as to its value, so it should be used, but to be effective it must be used properly.
Acute specific fevers occur by no means uncommonly in a children's ward, and the enquiry referred to revealed that many children are admitted to the wards during an incubation period. In addition to this, children with sore throats or in contact with throat infection are taken in. Careful history taking and examination prior to admission are therefore essential preventive measures. This examination must, however, be done by a senior member of the staff. It is too responsible and too difficult a task to be left to a newly qualified house physician. Provision must be made in the way of a special well-lighted room in which to interview the parents and to examine the child.
At this stage Charts (not reproduced) were shown illustrating the paths by which infection travels; the dangers of ward sweeping and dressing times; the relative incidence of the various types of cross-infection ; the increased length of stay in hospital occasioned as the result of cross-infection;
and deaths attributed to cross-infection.
The prevention of cross-infection is a threefold problem. Firstly, the medical problem: hospital admissions should be examined carefully to exclude infection; children and especially babies must be protected against infection. Secondly, the help of the architect should be enlisted to design wards of small units, well ventilated and allowing of complete barrier nursing; and lastly it is on the training of the nursing staff that we must rely for the prevention of cross-infection.
Dr. Thomas Bedford: There can be no doubt that infective material can be transmitted from one person to another via the air, but there seems to be no clear indication as to whether, in ordinary buildings, direct infection or airborne infection is the greater risk. In densely occupied rooms the risk of droplet infection will clearly be greater than in sparsely populated ones, but unless the ventilation varies in proportion to the number of occupants the concentration of airborne organisms will also tend to be greater with the denser occupation.
In hospital wards, where patients are in bed, it can be assumed that the chances of direct infection will be less than in, say, a factory or an office, and that in hospitals, therefore, aerial infection will be relatively more important. There is evidence that cross-infection in hospitals has been spread by the aerial route. Much can be done to reduce the numbers of bacteria in the air by using either ultraviolet lamps or one or other of various disinfectant vapours or mists. These methods of air sterilization, properly applied, can be very effective against unprotected, single organisms, but they are less effective against dust-borne organisms. For ordinary wards, good ventilation, coupled with the efficient application of dust-suppressive measures, should do much to reduce the risks of cross-infection. It is true that Dr. Watkins and Dr. Lewis-Faning have recently reported that they could detect no significant association between ventilation and cross-infection, but this negative result leaves me unconvinced. The classification was made on the basis of replies to a questionnaire. Somebody at each of 14 hospitals was asked to give information concerning the quality of the ventilation in wards or cubicles, but there is no indication of the criteria used, or that any measurements were made.
Provisionz of ventilation.-Whether hospital wards are to be ventilated by natural or by mechanical means, a decision on the amount of fresh air that is to be supplied should be reached in the planning stage. Clearly, if the building is to be ventilated mechanically, the engineer must know what air supply is required before he can design his air ducts and decide on the sizes of fans. Even one with much experience of ventilation will be unable to say with precision what amount of ventilation will be obtained with any arrangement of open windows, but he can probably make a fair guess. Nevertheless, even with natural ventilation a decision must be made about the amount of ventilation to be provided during winter, for the heating engineer must make proper allowance for this in his calculations of heat requirements. If inadequate allowance is made ventilation must be restricted or the wards will be cold.
In the 1937 Report of the Departmental Committee on the Cost of Hospitals and other Public Buildings some guidance on this point is given to engineers. It is suggested that when ordinary convective methods of heating are used allowance should be made for 3 air changes per hour, and that when radiant heating is used this amount may be reduced to some extent. By the standards for ordinary buildings these suggestions allow for good ventilation.
A ventilation rate of 3 air changes per hour does not mean that the air within the room is completely renewed three times each hour. Instead, it means that the volume of air entering and leaving the room in one hour is three times the volume of the room. As the air enters the room it mixes to greater or less extent with the air already in the room, so that if any polluting agent is present in the room atmosphere it is gradually diluted by the ventilating air. If mixing is perfect, after the time taken for one air change-twenty minutes in our example-the concentration of the polluting material is still 37 % of the original value.
The other basis on which ventilation calculations are made is that of the fresh air supply required for each person. In ordinary practice a fresh air supply of 1,000 or 1,200 cubic feet per person per hour represents good ventilation in cold weather. Now in a factory, where the cubic space available for each person may be only 400 cubic feet, 3 air changes per hour would give 1,200 cubic feet of fresh air per hour for each person. On the other hand, in a hospital ward, where the space allowance is probably 1,000 to 1,500 cu. ft. per patient, 3 air changes per hour represent 3,000 to 4,500 cubic feet of fresh air per hour per person. This seems to be a very good figure, judged by ordinary ventilation requirements, and it makes a considerable demand on a heating system, yet it may not be good enough to be effective in preventing cross-infection.
If the atmospheric contaminant which has to be removed by the ventilating air is being steadily emitted at a more or less constant rate which is proportional to the number of occupants-as, for example, the carbon dioxide in expired air-then the ventilation standard should be in terms of the amount of fresh air required per person, irrespective of the space allowance for each person. Such a standard might be desirable from the standpoint of cross-infection if the infective material were being disseminated more or less constantly by each occupant.
If, on the other hand, there is, perhaps, only one patient in a ward, who may occasionally eject highly infective material, a ventilation rate in terms of the number of air changes per hour is the standard which should be adopted-and the standard may need to be high.
With 3 air changes per hour, twenty minutes after the sudden introduction of some atmospheric contaminant the concentration of that contaminant is still 37 % of the original value, if the contaminant is removed only by the ventilating air. After the same interval of time the residual concentration with 6 air changes per hour is only 14%, and with 10 air changes per hour 4%. These calculations make no allowance for the rate at which bacteria-laden particles will settle out from the air. When such allowance is made the contrast is less striking. It is probably reasonable to assume the rate of removal ofparticles by sedimentation to be about that which would be achieved by a ventilation rate of 4 air changes per hour. If we accept that figure, with an actual ventilation rate of 3 air changes per hour, ventilation and sedimentation together would remove bacteria-laden particles at a rate corresponding to 7 air changes per hour, and with ventilation at 6 air changes per hour the removal rate would be. equivalent to 10 air changes per hour. With these removal rates the bacterial concentrations five, ten and twenty minutes after the dispersion of the organisms would be 56, 31 and 10% of the original concentrations with the ventilation rate of 3 air changes per hour, and 43, 19 and 3+% with ventilation at 6 air changes per hour.
It may be thought that the higher ventilation rate is desirable, but, if so, it should be allowed for when the heating installation is planned. I understand that it is recommended that heating arrangements should provide for the maintenance of a temperature up to 300 F. in excess of the outside temperature. Thus, except on relatively few days, when the outside temperature is below 350 F., it should be possible to maintain a temperature of 65°F. in the wards. To me this seems a reasonable temperature. Overheating is undesirable, but the wards should be adequately warmed. A 30°F. excess above the outside temperature will only be possible, however, if the ventilation rate is limited to that for which the engineer has made allowance-generally 3 air changes per hour. Increased ventilation in winter will be got at the expense of lower temperatures.
Some systems of heating set up steep temperature gradients so that the air around the head is several degrees warmer than that near the floor. Such a condition gives rise to complaints of cold feet and of stuffiness in the head. Similarly, a system of radiant heating which exposes the heads of the occupants to an undue amount of radiant heat is undesirable. Heating by steam radiators, especially when high-pressure steam is used, sets up more marked gradients than do hot-w-ater radiators. In many buildings radiant heating by means of low-temperature ceiling panels has been used with much success, but ceiling panels should not be used in low ceilings unless their temperatures are really low. We are working at present on this problem, but it is too early to give precise guidance as to the maximum desirable temperatures of overhead panels. j [February 17, 1950] Endemic Hepatitis Among U.S. Troops in Post-War Germany THE subject of Endemic Hepatitis may not be very appealing because with the war well behind us, many might like to say, "Allow us to forget about hepatitis, particularly military hepatitis". But I would point out that British investigators' are prominent among those who-have dragged this disease into the open and we should get on with it.
We in the United States have been concerned with the fact that the incidence of hepatitis among U.S. troops within the American zone in Germany has not only continued to be high but has even been rising until it is to-day comparable to that noted in certain combat areas during the war, with an average of 14 cases per 1,000 per annum. Hepatitis has been a scourge to our military forces since 1942 
